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Artificial Throat 

The present invention relates to an artificial throat for simulating aroma release. 
The invention also relates to an assembly for simulating and analyzing aroma release 
5 comprising an artificial throat and an analyzing apparatus, such as a mass-spectrometer. 
Furthermore the invention relates to a method for simulating and analyzing aroma 
release by means of an artificial throat. Aroma release in this disclosure means the 
release of volatile compounds from substances such as food and drink, which 
compounds are transported by means of a gas flow. 

1 0 An artificial throat, that can be used to simulate and analyze aroma release, is 

not known yet. hi US 2001/0045475 Al a chewing apparatus is described that 
simulates the chewing process and analyzes the volatile compounds released during the 
chewing and kneading process in the apparatus. Analogously to the present invention 
one could identify this apparatus with 'artificial mouth', although the apparatus is not 

1 5 referred to in these terms as such in US 2001/0045475 Al . From the description below 
it will become clear that the artificial throat simulates an essentially different process 
than the process that is simulated with the chewing apparatus from US 2001/0045475 
Al. 

From research efforts is has become more and more c l ear that aroma release from 



20 food not only takes place during the chewing process but also, and probably to a much 
greater extent, during swallowing and subsequent exhalation. This will be explained in 
more detail below. 

In the last two decades, a major research effort was dedicated to the development 
of model systems to model the release of volatiles from food products. Product 
25 perception is believed to be related to aroma release as well as taste, and availability of 
a model system would provide a preliminary screen and would save money and time 
spent on working with panels. 

All the models developed since are mimicking aroma release in the mouth and 

_ are based on the same principle: a certain^amount.of.water containm 

30 compounds and other ingredients of interest (polysaccharides, proteins, fat or oil) is put 
in a vessel and stirred or shaken and heated (usually to 37°C). Air is sampled from the 
headspace or nitrogen is purged through the liquid phase. The volatile compounds 
present in the stream of gas originating from the model system are analyzed on-line or 
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batch-wise usually by direct Mass Spectrometry (MS). One could say that this method 
is more or less similar to the chewing apparatus from US 2001/0045475 Al or 
'artificial mouth*, as it is described above. 

All kinds of apparatus related and product related parameters have been studied 
5 using these model systems, which has increased insight in the process of aroma release 
in general. 

However, more recent theories stress the importance of swallowing for aroma 
release of liquids and other food products. The release during chewing wanning up and 
cooling down, and dilution with saliva of the sample in the mouth (the conventional 

1 0 focus of model systems) is only marginally important compared to the aroma release 
just after swallowing. In literature scientists introduced the 'swallow-breath'; 5-15 ml 
of air which is pushed out of the nose immediately after swallowing and which was in 
close masticatory contact with the food or drink in the mouth. This plug of air plays a 
very important role in aroma perception. Since the emergence of mass-spectrometric 

15 methods for sufficiently sensitive and fast real-time analysis of volatiles in human 
breath, it has become clear that the highest aroma release signal is generally found in 
the first exhalation after swallowing. It was shown that no gas is transferred from the 
oral cavity to the nasal cavity as long as no opening of the barrier formed by the tongue 

and^the^ft^alate occurs by 

20 movements). A protocol was developed recently, that increased reproducibility of in 
vivo aroma release measurements of liquids by control of breathing and swallowing 
and thus reconfirming the importance of swallowing and exhalation for aroma release. 

In vivo aroma release of liquid systems occurs during exhalation, immediately 
after swallowing. The majority of the sample disappears into the oesophagus during 

25 swallowing, but a thin layer of the liquid sample remains on the surface of the pharynx. 
During the subsequent exhalation, a steep gradient exists between the thin liquid layer 
on the surface of the pharynx and the exhaled air which passes over this surface. It has 
been suggested that a major part of the aroma compounds present in this thin liquid 
layer coating within the throat will release almost instantaneously-dining this 

30 exhalation. 

To increase knowledge on this process, mathematical modelling describing this 
process and in vitro models simulating this process can be of great help. None of the 
previously developed models take swallowing into account. Thus, a model system is 
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needed in which a thin layer of liquid is exposed to a large air-flow, in order to 
approach the in vivo release conditions. 

In order to verify the outcome of the calculations of these improved mathematical 
models it is the goal of the present invention to provide an artificial throat that 
simulates the in vivo aroma release during swallowing of food and subsequent 
exhalation. Herewith in line it is another goal of the present invention to provide a fast 
and reliable test for the aroma release properties of flavours. This goal is of great 
importance in the development of new flavours for the food and drink industry. As 
mentioned above, the release properties of new flavours are mainly tested by making 
use of a panel of experts with a very well developed sense of smell and taste. With the 
present invention the details of individual component release can be studied more 
exactly, making the design of more balanced, more palatable flavours much easier. 

The present invention makes the mentioned goals possible by providing an 
artificial throat comprising: 

a tube having an inlet and an outlet and having an upper portion, a middle portion 

and a lower portion; 

a sample supply system debouching at the upper portion of the tube; 
an inlet closure for closing and opening the inlet; 
- an outlet closure ior closing ana opening uxc uutiet^ 

a gas ventilation system debouching at the lower portion of the tube for providing 
a gas flow, such as an air flow, through the tube. 

According to the invention, the term 'tube' means in general an object having a 
wall or walls defining a channel inside the wall respectively walls. 

With the artificial throat according to the invention one can simulate and analyze 
aroma release by flowing a sample through a tube in one direction, subsequently 
blowing a gas through the tube in the opposite direction of the flow of the sample and 
finally analyzing the gas after flowing through the tube. The sample will contain the 
flavours, of which that one wants to analyze the aroma release properties. After 
- flowing through the tube a thin layer of sample wiU adhere to the tube surface. As i^ 
explained above the major part of the aroma compounds present in this thin layer will 
release almost instantaneously when a gas flow passes through the tube. One can 
subsequently analyze the aroma compounds in the gas flow by connecting the tube to 
an analyzing apparatus, such as a mass spectrometer. 
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According to the invention it is advantageous that the sample supply system 
debouches above the inlet closure. In this arrangement it is possible to collect a certain 
amount of sample, before it is passed through the tube. 

According to the invention it is also advantageous that the sample supply system 
5 comprises multiple supply channels. The advantage is that one can produce a sample 
containing different flavours or food ingredients or can add saliva. 

According to the invention it is furthermore advantageous that the gas ventilation 
system debouches above the outlet closure, thereby preventing gas from flowing 
through the outlet of the tube in case the outlet is opened. 
10 In a preferred embodiment of the artificial throat, the gas ventilation system is 

adapted for providing a gas flow in the direction from the outlet of the tube to the inlet 
of the tube and in the opposite direction from the inlet of the tube to the outlet of the 
tube. 

In general the sample will flow from top to bottom througji the tube, while the 
1 5 subsequent gas flow that enters the tube directly after the sample flow will be in the 
opposite direction, by providing gas at the lower portion of the tube. However it is 
advantageous if the gas ventilation system is also adapted to provide a gas flow in the 
same direction as the sample flow. This can be e.g. obtained by making use of a 

beUows.-Ih-tlris-case^-strongerT^sem 

20 obtained. 

According to the invention it is advantageous that the gas ventilation system is 
adapted to change the composition of the gas. More preferably the gas ventilation 
system comprises: 

— means to decrease the oxygen content; and/or 

25 - means to increase the carbon dioxide content; and/or 

- means to increase and/or decrease the water content. 

It is known that the chemical composition of the air that a person exhales is 
different from the air that a person inhales. More specifically the exhaled air has a 
lower oxygen content, a higher carbon dioxide content, and a higher 
30 respectively, compared to the inhaled air. With the adaption of the gas ventilation 
system, as it is described above, it now becomes possible to simulate the mentioned 
differences in composition of inhaled and exhaled air respectively, as mentioned above. 
This can be reached by adapting the composition of normal air as mentioned above 
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before flowing the gas through the tube. In this way an even stronger resemblance to 
the natural breathing process can be obtained, compared with the embodiment with 
only a reversible gas flow. 

According to the invention it is even more advantageous if the gas ventilation 
5 system, adapted to change the composition of the gas as described in the previous 
paragraph, shows the following characteristics: 

- the means to decrease the oxygen content comprises at least one agent that binds 
oxygen; 

- the means to increase the carbon dioxide content comprises a container, the 

10 container comprising carbon dioxide and being connected to the gas ventilation 

system by a piping. 

In another preferred embodiment of the artificial throat, the interior of the tube 
comprises retention means to improve the retention of a sample at the inner-surface of 
the tube. The improved retention can be obtained mechanically, e.g. by increasing the 
1 5 surface roughness of the tube. The improved retention can also be obtained by a 

physical or cheimcal effect,~eTg.~by applying an inner coating witiTdififerent physical or 
chemical properties than the material of the tube itself. 

It is preferred that upon using the artificial throat, the tube is in an upright 

-positionr^Fhis^osition will^acilitate tfaerflow of Ihe^ample Horn the u p pe r pa i l lo (h e 

20 lower part of the tube and corresponds to the natural flow of food and drink in the 
human body. 

In a preferred embodiment the artificial throat according to the invention is 
provided with temperature control means. Preferably these temperature control means 
are adapted to influence the temperature of the tube wall and/or influence the 

25 temperature of the gas flow through the interior of the tube. A preferred embodiment of 
the temperature control means comprises an outer tube, which outer tube is connected 
to a piping system, at which the outer tube and/or the piping system comprises heating 
means. The advantage of applying such temperature control means is that it is possible 
to simulate the heating effect of -relatively ^cx>ld food located in the warmer mouth or 

30 throat on the one hand and the heating effect of relatively cold inhaled air by the lunges 
and the throat, during the subsequent exhalation. 

In a preferred embodiment of the artificial throat according to the invention, a 
control system is provided, at which the control system is adapted to: 
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open the inlet closure for passing a sample after opening the outlet closure; and/or 
open the inlet closure after a predetermined amount of sample has been 
introduced into the tube above the inlet closure; and/or 
close the outlet closure before providing gas; and/or 
5 - open the inlet closure before providing gas; and/or 

controlling the gas ventilation system to exhaust a single discharge of gas; and/or 
controlling the gas ventilation system to exhaust repeated discharges of gas for 
simulating natural breathing. 
With such a control system it is possible to perform automatically several steps for 
1 0 simulating and analyzing aroma release with the artificial throat. It is not a requirement 
that all those steps are performed in combination or in the order as they are listed 
above. 

The invention furthermore relates to an assembly for simulating and analyzing 
aroma release comprising an artificial throat and an analyzing apparatus, at which the 
15 analyzing apparatus is connected to the inlet of the artificial throat. 

In a preferred embodiment of this assembly of an artificial throat and an 
analyzing apparatus, the analyzing apparatus is a mass-spectrometer. Using mass 
spectrometry has the advantage that the composition of the components in a sample can 

be detected directly withoutthe need for pre-treataentx>f the sam 

20 a relatively fast analyzing method, resulting in specific data with respect to the 
composition. 

The invention furthermore also relates to a method for simulating and analyzing 
aroma release which method comprises: 

A. flowing a sample through a tube in one direction 
25 B. transporting a gas through the tube in the opposite direction of the flow of the 

sample 

C. analyzing at least part of the gas after flowing through the tube. 

With this method the swallowing of food and the subsequent aroma release upon 
exhalation by a person can be simulated and at the same time can be analysed. 
30 Preferably in step C a mass-spectrometer is used. 

An alternative method for simulating and analysing aroma release comprises an 
alternative step B, compared to the method described in the previous paragraph, which 
alternative step B comprises: 
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- transporting a gas through the tube in the direction of the flow of the sample; 

- collecting the gas after flowing through the tube; 

- adapt the composition of the collected gas; 

- transporting the collected and adapted gas in the opposite direction of the 
5 flow of the sample. 

In this alternative method it is preferred that the composition of the collected gas is 
adapted at least by: 

- decreasing the oxygen content; and/or 

- increasing the carbon dioxide content; and/or 
10 - increasing the water content. 

With this alternative method a strong resemblance to the natural breathing process 
can be obtained, that accounts both for the opposite gas flows upon inhalation and 
exhalation, and the differences in composition of exhaled air and inhaled air. 
The invention will now be made clear with reference to the accompanying 
15 drawing, in which a side-view^is ^shown of an ar^cial throat according to a preferred 
embodiment. 

Figure 1 shows a tube 1 having an inlet 2 and an outlet 3 and having an upper 
portion 4, a middle portion 5 and a lower portion 6. In a practical embodiment the tube 
will be made from glass, at least at the middle portion thereof, the inlet and/or the outlet 
20 can also comprise plastic, such as teflon. 

In the embodiment of figure 1 the artificial throat comprises a tube. However in 
other embodiments it is conceivable that one uses a container. 

An end 7 of the inlet is adapted to be connected to an analyzing apparatus (not 
shown) such as a mass-spectrometer. An end 8 of the outlet is adapted to be connected 
25 to a drain. 

Furthermore figure 1 shows an inlet closure 9 for closing and opening the inlet 
and an outlet closure 10 for closing and opening the outlet. In practise these closures 
will comprise a valve or the like, or can comprise a surrounding plastic part of the tube. 
At the middle portion 5 of the tube 1 temperature control means 1 1 are provided. 
30 In this embodiment the temperature control means comprise an outer tube, which is 
connected to a piping system, comprising a liquid or a gas. Preferably the outer tube 
and/or the piping system comprises heating means. In another embodiment it is 
possible that the temperature control means 1 1 are also located at (parts of) the lower 

BEST AVAILABLE COPY 



WO 2005/003757 PCT/NL2004/000286 



8 

portion 6 and the upper portion 4 of the tube. Furthermore it is conceivable that the 
temperature control means comprise a heating element disposed at the tube. 

At the upper portion 4 of the tube 1 a sample supply system 12 debouches. The 
sample supply system 12 supplies a sample comprising a number of flavours to the 
5 tube. In a preferred embodiment the sample supply system comprises multiple supply 
channels, such as multiple syringes. 

At the lower portion 6 of the tube 1 a gas ventilation system 13 debouches. The 
gas ventilation system 13 is adapted to provide a gas flow, at least in the direction from 
the outlet of the tube to the inlet of the tube, but preferably also in the opposite 
10 direction, namely from the inlet of the tube to the outlet of the tube. Preferably the gas 
ventilation system 13 debouches above the outlet closure. 

The gas ventilation system 13 can be of a design as known per se and in another 
embodiment according to the invention can also have a connection with the upper 
portion 4 of the tube. 

15 In most cases the gas ventilation system will provide a flow of air to the tube. Not 

shown in the figure are means that are part of the gas ventilation system and that are 
meant to adapt the composition of the gas flow. More specifically these means: 

- decrease the oxygen content; 

- increase the carbon dioxide context; 

20 - increase and/or decrease the water content. 
Preferably such means will comprise at least: 

- one agent, that binds oxygen, such as haemoglobin; 

- collecting container of a known volume; 

- one or more containers that comprise carbon dioxide and/or water, which 

25 containers are connected to the collecting container and are adapted to supply a 

predetermined amount of carbon dioxide and/or water to the collecting container. 
With the embodiment of the artificial throat as described above, it is possible to 
simulate and analyse in vivo aroma release according to the following method. 

A predetermined amount of sample comprising various flavours is supplied to the 
30 inlet 2 by means of the sample supply system 12. Next the inlet closure 9 and the outlet 
closure 10 are opened causing the sample to flow through the tube towards the end 8 of 
the outlet, thereby leaving a thin coating of sample at the inner-surface of the tube. In a 
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next step the gas ventilation system 13 transports a gas through the tube in the opposite 
direction of the flow of the sample. 

hi an alternative method the gas that is transported through the tube 1, first is 
transported through the tube in the direction of the flow of the sample, e.g. by sucking 
5 in air through the inlet 2. Next this gas is collected and is adapted with respect to the 
chemical composition of the gas, before it is transported again through the tube in the 
opposite direction of the flow of the sample. 

In both methods upon transporting the gas in the opposite direction of the flow of 
the sample, at least part of the gas after flowing to the tube is analyzed, preferably by a 
10 mass-spectrometer. 

Preferably with this method the gas ventilation system exhaust repeated 
discharges of gas in order to simulate natural breathing. The repeated discharges of gas 
are measured on-line by means of the mass-spectrometer. 



15 
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